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Introduction:  Carbon  monoxide  (CO)  intoxication  is  one  of  the  most  common  types  of  poisoning  in  the 
modern  world.  The  aim  of  the  present  study  is  to  describe  the  evolution  of  CO  poisoning  during  a  period 
between  January  1999  and  December  2007  based  on  data  collected  from  result  of  toxicological  analysis  in 
the  laboratory  of  toxicology  in  the  National  Institute  of  Health  in  Morocco. 

Materials  and  methods:  This  study  was  based  on  autopsies  samples  sent  to  the  laboratory  of  forensic  tox¬ 
icology  covering  the  time  period  January  1999  to  December  2007.  Cases  were  analyzed  according  to  the 
following  criteria:  age,  region,  month,  gender,  presence  or  not  of  autopsy  report  and  post  mortem  blood 
carbon  monoxide  determination. 

Result:  From  January  1999  to  December  2007,  139  out  of  the  4402  analysis  performed  were  recorded  as 
acute  CO  intoxications.  Cases  (93.5%)  were  classified  as  accident  (E859).  Hundred  percentage  of  our  cases 
were  exclusively  due  to  gaze  inhalation.  Circumstances  of  intoxications  were  described  in  autopsy  report 
which  is  found  in  41%  (57  cases).  Males  predominated  in  accidental  poisoning  with  77  cases  (55%)  while 
females  represented  62  cases  (44%).  the  most  represented  city  was  Rabat  with  48  cases  (34%),  followed  by 
Casablanca  with  20  cases  (14.4%).  the  highest  frequency  of  CO  deaths  was  found  in  February  and  March 
with  29  cases  (20.9%)  and  28  cases  (20.1%),  respectively.  The  highest  poisoning  frequency  was  recorded 
for  the  age  mean  34±  years  old.  The  average  of  carbon  monoxide  concentration  was  5.76  ±  4.3  ml/100  ml 
of  blood.  Males  predominated  in  accidental  poisoning  with  77  cases  (55%)  while  females  represented  62 
cases  (44%). 

Conclusion:  Acute  carbon  monoxide  intoxication  is  too  dangerous  because  of  its  speed  in  addition  to  the 
particularities  of  carbon  monoxide  which  is  one  of  many  ubiquitous  contaminants  of  our  environment  that 
requires  prevention  and  control  measures  inside  and  outside  to  insure  adequate  protection  of  public  health. 

Published  by  Elsevier  Ltd. 


1.  Introduction 

Carbon  monoxide  (CO)  is  a  colorless,  odorless,  and  poisonous  to 
humans  gas.1  Exposure  to  carbon  monoxide  can  be  detrimental  to 
human  health,  and  exposure  to  higher  concentrations  can  result  in 
death.  Exposure  to  carbon  monoxide  can  be  either  intentional  or 
accidental.  Carbon  monoxide  intoxication  is  one  of  the  most  com¬ 
mon  types  of  poisoning  in  the  modern  world,  developed  and  devel¬ 
oping  countries  alike.2,3  The  true  incidence  of  CO  poisoning  is 
unknown  and  many  cases  probably  go  unrecognized.4  CO  intoxica¬ 
tion  remains  an  important  cause  of  morbidity  and  mortality  in 
industrialized  countries.  Mortality  in  USA  was  8.8  deaths  per  mil¬ 
lion  person  in  1998, 5  and  in  France,  the  average  incidence  of  CO 
intoxication  is  17.5  per  million.6  The  two  most  common  sources 
of  the  gas  in  acute  poisoning  are  smoke  from  fires  and  car  engine 
exhaust  fumes.  Other  sources  include  the  use  of  charcoal  grille  in 
confined  spaces.  However,  it  is  worth  stating  here  that  low  concen¬ 
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trations  (20-120  ppb)  are  considered  a  normal  constituent  of  the 
natural  environment.  There  are  also  endogenous  sources  of  carbon 
monoxide,  such  as  during  the  heme  degradation  to  bile  pigments. 
CO  produced  endogenously  serves  as  a  signaling  molecule  involved 
in  multiple  cellular  functions,  such  as  inflammation,  proliferation 
and  apoptosis.  Carbon  monoxide  was  recently  defined  as  a  gaseous 
neurotransmitter  in  the  central  nervous  system.4 

The  aim  of  the  present  study  is  to  describe  the  CO  poisoning 
during  a  period  between  January  1999  and  December  2007  from 
result  of  toxicological  analysis  in  the  Laboratory  of  Toxicology  in 
the  National  Institute  of  Health  in  Morocco. 

2.  Materials  and  methods 

In  Morocco,  the  department  of  Forensic  Toxicology  in  the 
National  Institute  of  Health  investigates  unnatural  deaths.  Toxico¬ 
logical  analyses  are  centralized  in  this  laboratory  which  receives 
samples  from  different  Institutes  of  Forensic  Medicine  in  Morocco. 
Blood  and  samples  are  usually  screened  for  medical  drugs  and 
ethanol.  Carbon  monoxide  is  only  searched  when  the  pathologist 
suspect  the  existence  of  poisoning. 
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Table  1 

Number  of  fatal  deaths  due  to  CO  poisoning  (1999-2007). 


Years 

Number  of 
autopsies 

Frequency  of 

CO  poisoning 

Percentage  of 

CO  poisoning  (%) 

1999 

439 

19 

13.66 

2000 

470 

4 

2.87 

2001 

360 

4 

2.84 

2002 

689 

12 

8.63 

2003 

625 

17 

12.23 

2004 

403 

23 

16.55 

2005 

557 

31 

22.39 

2006 

554 

20 

14.38 

2007 

305 

9 

6.47 

Total 

4402 

139 

This  study  was  based  on  autopsies  samples  sent  to  the  labora¬ 
tory  of  forensic  toxicology  covering  the  time  period  lasting  from 
January  1999  to  December  2007. 

Cases  were  selected  from  the  forensic  toxicology  and  forensic 
pathology  database  including  all  autopsies  where  report  men¬ 
tioned  CO  intoxication.  CO’s  value  of  2.8  ml/100  ml  of  blood  is  con¬ 
sidered  as  positive.  Cases  were  analyzed  according  to  the  following 
criteria:  age,  region,  month,  gender,  presence  or  not  of  autopsy  re¬ 
port  and  post  mortem  blood  carbon  monoxide  determination. 
Additional  information  regarding  circumstances  of  death  were 
mentioned  by  the  police  or  by  the  pathologist. 

Submitted  blood  samples  were  analyzed  for  CO  by  micro  diffu¬ 
sion  in  Conway  cell  associated  to  volumetric  assai.7,8  The  recorded 
poisonings  were  classified  according  to  the  international  classifica¬ 
tion  of  diseases  (ICD-10)  to  voluntaries,  accidental  and  undeter¬ 
mined  intoxications.9 

3.  Results 

From  January  1999  to  December  2007, 139  out  of  the  4402  anal¬ 
yses  performed  were  recorded  as  acute  CO  intoxications.  Hundred 
and  thirty  cases  (93.5%)  were  classified  as  accident  (E859)  and  9 
cases  (4.35%)  were  classified  as  uncertain.  Hundred  percentage  of 
our  cases  were  exclusively  due  to  gas  inhalation.  Circumstances 
of  intoxications  were  described  in  autopsy  report  which  is  found 
in  41%  (57  cases).  The  total  number  of  autopsies  per  year  has  not 
changed  considerably,  the  average  of  autopsies  that  the  laboratory 


received  each  year  was  (880  ±  42)  with  a  maximum  value  in  2002 
and  a  minim  value  in  2007  (Table  1).  Carbon  monoxide  poisoning 
had  a  minimum  value  (4  cases)  both  in  the  year  2000  and  2001  and 
a  maximum  value  (31  cases)  in  2005. 

Samples  came  from  the  majority  of  Moroccan  cities.  However 
the  most  represented  city  was  Rabat  with  48  cases  (34%),  followed 
by  Casablanca  with  20  cases  (14.4%)  and  then  Meknes  (13.7%)  and 
kenitra  (11.5%)  (Fig.  1).  This  repartition  can  be  explained  by  the 
fact  that  CO  poisoning  were  not  reported  by  all  regions  of  Morocco 
especially  rural  regions  which  do  not  have  forensic  institutes. 
Males  predominated  in  accidental  poisoning  with  77  cases  (55%) 
while  females  represented  62  cases  (44%). 

According  to  Fig.  2  we  can  conclude  that  the  highest  frequency 
of  CO  deaths  was  found  in  February  and  March  with  29  cases 
(20.9%)  and  28  cases  (20.1%),  respectively. 

The  highest  poisoning  frequency  was  recorded  for  the  age  mean 
of  34±  years.  The  average  of  carbon  monoxide  concentration  was  5, 
76  ±  4.3  ml/100  ml  of  blood.  The  incidence  of  mortality  of  CO  poi¬ 
soning  in  this  period  was  0.142  per  100,000  populations. 

4.  Discussion 

During  the  period  between  1999  and  2007, 139  cases  (3.15%)  of 
carbon  monoxide  poisoning  death  were  reported,  this  percentage 
may  be  not  significant  because  of  the  lack  of  declarations  in  many 
regions  especially  the  rural  ones.  Some  papers  confirmed  our  result 
in  many  other  countries  despite  variations  in  these  countries.10,11 
CO  death  evolution  in  time  showed  an  increase  from  1999  to 
2005,  and  then  it  went  on  decreasing.  This  evolution  could  be  ex¬ 
plained  by  the  better  treatment  of  those  intoxications  in  hospitals, 
and  the  opening  of  new  forensic  laboratories  which  could  explain 
the  decrease  of  samples  that  our  laboratory  receives. 

Almost  all  the  cities  were  represented  but  the  axis  Rabat-Casa- 
blanca  is  still  the  most  affected  by  this  intoxication,  respectively, 
with  34.5%  and  14.4%  followed  by  Meknes  and  Kenitra.  We  can  also 
note  unsteadiness  in  the  repartition  of  CO  death.  This  is  difficult  to 
explain  but  it  may  due  to  lack  of  information  in  small  cities  which 
do  not  have  forensic  institutes. 

Carbon  monoxide  death  is  exclusively  accidental  by  inhalation. 
This  is  not  surprising;  it  confirms  literature  data.12  CO  poisoning  is 
important  in  cool  period  of  year  (December,  January  and  February), 
it  results  from  unintentional  exposure  to  inhalations  in  confined 


Fig.  1.  CO  poisoning  death  as  recorded  for  cities  during  the  period  1999-2007. 
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Fig.  2.  CO  poisoning  death  as  recorded  for  months  during  the  period  between  1999  and  2007. 


spaces  when  a  heating  unit  is  used  only  occasionally  and  not  well 
maintained.  It  is  known  that  Epidemics  of  CO  poisoning  are  more 
common  during  the  winter  months,  particularly  when  power  out¬ 
ages  occur  forcing  people  to  use  traditional  wood-burning  as  a 
source  of  heat.13,6 

There  are  many  sources  of  exposure  to  CO  in  acute  and  chronic 
ways.  Tobacco  smoke  contains  CO;  heavy  cigarette  smokers  may 
have  levels  of  10%  wile  cigar  smokers  can  achieve  up  to  20%  COHb. 
In  our  study  we  did  not  take  smoking  into  consideration  in  our 
interpretation  of  CO  level  because  we  did  not  have  any  information 
about  it  in  autopsy  report.  The  internal  combustion  engine  ac¬ 
counts  for  approximately  60%  of  the  CO  produced  and  severe  traffic 
congestion  in  urban  streets  can  produce  sufficient  CO  to  provoke 
symptoms  of  toxicity.  Concentrations  of  CO  can  be  high  in  tunnels 
and  parking  garages  due  to  the  accumulation  of  motor  exhaust 
fumes.  Poorly  vented  water-heaters,  fireplaces,  space  heaters  and 
furnaces  are  all  sources  in  our  own  homes,14  which  makes  us  won¬ 
der  if  there  is  no  link  between  those  different  ways  of  exposure  to 
carbon  monoxide  and  the  increase  of  poisoning  and  deaths  espe¬ 
cially  in  the  biggest  cities  in  Morocco  such  Rabat  and  Casablanca. 

The  average  of  CO  concentration  found  in  our  series  was  5.76% 
(57600  ppm).  This  percentage  is  too  high  and  it  is  responsible  of 
death  in  all  cases  according  to  (/am)15  who  mentioned  that  respira¬ 
tory  and  cardiac  arrest  happen  with  a  concentration  of  CO  equal  or 
more  than  2000  ppm.  It  is  important  to  signal  that  this  concentra¬ 
tion  could  be  underestimated  because  of  the  time  elapsed  between 
deaths,  autopsies  and  analysis.  It  is  known  that  CO  level  decrease 
quickly  after  death.16 

5.  Conclusion 

Carbon  monoxide  poisoning  is  one  of  the  most  important  intox¬ 
ications  in  the  world  including  Morocco.  Acute  intoxication  is  too 
dangerous  because  of  its  speed  in  addition  to  the  particularities 
of  carbon  monoxide  (CO)  which  is  one  of  many  ubiquitous  contam¬ 
inants  of  our  environment  that  requires  prevention  and  control 
measures  indoors  and  outdoors  to  insure  adequate  protection  of 
public  health.  Outdoors,  focus  of  air  pollution  control  by  industri¬ 
alized  societies  has  been  the  regulation  of  CO  in  ambient  air  and 
occupational  settings.  To  control  CO  exposure  indoors,  we  should 
control  heating  unit  and  all  source  of  combustion.  Some  communi¬ 
ties  now  require  the  installation  of  CO  detectors  in  residences, 
along  with  smoke  detectors  and  fire  alarms  but  further  studies 
are  needed  to  follow  the  evolution  of  those  investigations. 
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